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1 These authors made equal contributions to this studa b s t r a c tBackground: The goal of this study was to perform an in-depth analysis of the frequency and
cause of secondary interventions subsequent to primary anterior cruciate ligament (ACL) repair
with dynamic intraligamentary stabilization (DIS).
Methods: Between July 2009 and June 2014, 455 patients underwent DIS treatment. The min-
imum follow-up was 21 months (mean 28 months, range 21–64 months).
Results: A total of 215 (48.2%) reinterventions were performed in 190 (42.6%) patients. One-
hundred and seventy-six (39.4%) were non-revision reinterventions, and 39 (8.7%) were revi-
sion ACL reconstructions. Re-arthroscopies included 26 (5.8%) scar tissue debridements with
hardware removal due to range of motion deficits, 14 (3.1%) partial meniscectomies, four
(0.9%) meniscal sutures, and four (0.9%) arthroscopies due to crepitation or knee pain. Minor
non-revision reinterventions performed under analgosedation consisted of 97 (21.7%) hard-
ware removals, 20 (4.5%) hardware removals with manipulations under anesthesia, and four
manipulations under anesthesia alone (0.9%).
Conclusions: In our study, the revision rate was within the range of published results after ACL re-
constructions. In over 90% of patients, the native ACLwas preserved with no need for a secondary
reconstruction. Most of the non-revision reinterventions were minor and included hardware re-
movals and manipulations under anesthesia. The re-arthroscopy rate was lower than that after
ACL reconstruction with fewer secondary meniscal sutures and partial meniscectomies. Early
treatment of meniscal tears may be one crucial benefit of ACL repair with DIS.Keywords:
ACL
Reintervention
Revision
Primary ACL repair
Dynamic intraligamentary stabilization1. Introduction
Dynamic intraligamentary stabilization (DIS) in primary anterior cruciate ligament (ACL) repair was clinically introduced in
2009. The technique combines transosseous suture repair of an acute ACL rupture with a dynamic internal brace using the
Ligamys™ implant and Steadman's healing response. Advantages of this technique include preservation of the native ligament
with its proprioceptive nerve fibers and the lack of donor site morbidity because no graft harvesting is necessary. Recent studies
have shown that this ACL preserving technique achieves good clinical mid-term results with high functional scores and patient
satisfaction [1–5]. However, the revision rate in the current literature ranges from 2.8% to 20.0% depending on the follow-up pe-
riod, cohort, and, most importantly, the definition of revision itself, which is not uniformly defined throughout the different stud-
ies [1–5]. The current literature provides no information regarding non-revision reinterventions after DIS.äberli).
y.
Published in final edited form as: Knee. 2018 Mar;25(2):271-278. doi: 10.1016/j.knee.2018.01.003.The goals of this study were, therefore, the following: (1) to determine the frequency of revision and non-revision
reinterventions after DIS treatment; and (2) to analyze the different types of revision and non-revision reinterventions and the
associated reasons. We hypothesized that: (1) the revision rate was in the range of published results after ACL reconstructions;
and (2) non-revision reinterventions were performed more frequently.2. Methods
2.1. Study design and inclusion criteria
We retrospectively reviewed all patients who underwent DIS repair for acute rupture of the anterior cruciate ligament at our
clinic between July 2009 and June 2014. A total of 455 patients were included. A database search identified the patient population,
and chart reviews were performed to determine patient age, gender, date of index and repeat procedures, interval between pro-
cedures, modes of failure, and indications for the reinterventions.
The indications for DIS treatment were as follows: acute ACL injury (time to surgery of 21 days or less), closed growth plates,
and ineligibility for conservative treatment or unwillingness to accept it. Conservative treatment was recommended if all the fol-
lowing criteria were fulfilled: less than three-millimeter side-to-side difference to the uninjured contralateral side in the Lachman
test with a Rolimeter; no pivoting sports; and no symptomatic meniscal lesions that required arthroscopic treatment.
The mean age of the patients at the index surgery was 32.9 years (standard deviation (SD), 11.8 years). In the reintervention
group, the mean age of the patients was 31.2 years (SD, 11.5 years). Table 1 summarizes the baseline characteristics of the study
population. The minimum length of follow-up was 21 months (mean 28 months, range 21–64 months). Nine patients were lost
to follow-up, resulting in a follow-up rate of 98.0%. Patients who did not present at the regular follow-up examinations were
contacted by a study nurse or by residents to determine whether additional surgery had been performed outside our clinic.
Reinterventions were classified as either revisions, when a secondary ACL reconstruction was performed, or non-revision
reinterventions, when no ACL reconstruction was required. The non-revision reinterventions were further classified into major
reinterventions requiring arthroscopy or, on rare occasions, open surgery under regional or general anesthesia or minor
reinterventions that were performed under analgosedation (hardware removal and/or manipulation under anesthesia (MUA)).
Multiple reinterventions performed on the same patient were each considered separately. Two surgeons (PH and SE) were in-
volved in decision making for reintervention. Indications for the respective reinterventions are found in Table 2.2.2. Operative technique and aftercare
All primary procedures were performed by two experienced knee surgeons (SE, PH) who each perform approximately 100 ACL
surgeries annually. All procedures were performed arthroscopically with the anteromedial portal technique. Tibial remnants of the
torn ACL were attached to the femoral footprint with transosseous sutures, and microfracturing was performed at the femoral
footprint. Anterior subluxation of the tibia was prevented with a polyethylene braid and a spring-screw implant (Ligamys™,
Mathys Ltd., Bettlach, Switzerland) that was pre-loaded with 60–80 N of force.
Patients' knees were immobilized in an extension brace for four days, allowing early full weight-bearing. Beginning on day
five, regular one-on-one physiotherapy sessions involved closed-chain quadriceps and range of motion (ROM) exercises for the
first six weeks. Then, open chain exercises were allowed. Running was allowed after 10 weeks and return to pivoting sports
after six months. Regular follow-up examinations were scheduled at three weeks, six weeks, three months, six months, one
year, two years, and five years post-surgery.2.3. Data analysis
All patients were informed that their treatment and follow-up data would be recorded in a scientific database for evidence
generation and post-market surveillance of Ligamys™ and its outcomes, and they provided written informed consent. The
study was approved by the Cantonal Ethics Committee of Berne, Switzerland (Ref.-Nr. KEK-BE: 048/09).Table 1
Baseline characteristics of the study population.
n total 455
Male gender 253 (56%)
Female gender 202 (44%)
Age (years) 32.9 ± 11.8
BMI (kg/m2) 23.7 ± 3.2
Previous contralateral injury 46 (10%)
Right side 211 (46%)
Left side 244 (54%)
Tegner preoperative 5.1 ± 1.5
BMI, body mass index.
Table 2
Indications for reinterventions.
Reinterventions Indications
Revisions ACLR ± meniscal suture or meniscectomy Subjective and objective instability ± new or persistent meniscal lesion
ACLR + ALL reconstruction Subjective and objective instability and ++ to +++ pivot shift test or
contralateral positive pivot shift test
ACLR + HTO Subjective and objective instability, grade III–IV (Outerbridge)
chondromalacia in medial compartment and varus axis
ACLR + cartilage repair Subjective and objective instability and grade III–IV (Outerbridge)
chondromalacia
Major non-rev. reinterventions Scar tissue debridement with hardware removal Combined ROM deficit
Meniscal suture or meniscectomy New or persistent meniscal lesion
Arthroscopy due to crepitus or knee pain Crepitus or unexplained knee pain
Lavage for septic arthritis Septic arthritis
Cartilage repair procedure Grade III–IV (Outerbridge) chondromalacia
ALL reconstruction Subjective and objective rotational instability with sufficient
translational stability
Wound debridement Wound infection
Hematoma evacuation Symptomatic large hematoma at tibial incision
Minor non-rev. reinterv. Hardware removal Local discomfort or patient desire
Hardware removal and MUA Local discomfort or patient desire and flexion deficit
MUA Flexion deficit
ACLR, anterior cruciate ligament reconstruction; ALL, antero-lateral ligament; HTO, high tibial osteotomy; MUA, manipulation under anesthesia; ROM, range of
motion.
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Of the 455 patients, a total of 215 (48.2%) reinterventions were performed on 190 (42.6%) patients (Table 3). Twenty-one pa-
tients underwent more than one reintervention; specifically, 19 patients had a second reintervention (nine ACL reconstructions,
two ACL reconstructions combined with anterolateral ligament reconstruction, one ACL reconstruction with anterolateral ligament
reconstruction and high tibial osteotomy, five arthroscopies, one meniscectomy, and one superficial hematoma evacuation), one
patient had three reinterventions (hardware removal, ACL reconstruction, cartilage repair procedure), and one patient underwent
five reinterventions (hardware removal, plica resection, arthroscopic lavage due to suspected infectious arthritis, and two MUAs).
Of the 215 reinterventions, 176 (39.4%) were non-revision reinterventions and 39 (8.7%) were revision ACL reconstructions
performed with a bone–patellar-tendon–bone or quadriceps tendon autograft (Figure 1). Twenty-nine (6.5%) patients reported
a traumatic re-rupture event, and 10 (2.2%) patients underwent revision ACL reconstruction due to increasing knee instability
without a traumatic event. Fifty-five (12.3%) patients underwent a major non-revision reintervention, and 121 (27.1%) patients
underwent a minor non-revision reintervention. Major non-revision reinterventions requiring arthroscopy included 26 (5.8%)
scar tissue debridements with hardware removal resulting from ROM deficits, 14 (3.1%) partial meniscectomies, four (0.9%)
meniscal sutures, four (0.9%) arthroscopies due to crepitation or knee pain, two (0.4%) arthroscopic lavages due to septic arthritis,
one (0.2%) meniscal suture and partial meniscectomy, and one (0.2%) cartilage repair procedure. Major non-revision
reinterventions requiring open surgery included one anterolateral ligament reconstruction (0.2%), one wound debridement
(0.2%), and one hematoma evacuation (0.2%).
Minor non-revision reinterventions included 97 (21.7%) hardware removals, 20 (4.5%) hardware removals with MUA, and four
MUAs alone (0.9%). All minor non-revision reinterventions were performed under analgosedation and/or local anesthesia. Hard-
ware removal was performed in 63 (64.9%) patients due to local discomfort, in 28 (28.9%) patients because of patients' desires to
be without discomfort, in five (5.2%) patients due to a ROM deficit, and in one (1.0%) patient because of a local skin infection.
MUAs were performed when knee flexion was below 130°.Table 3
Reinterventions in 446 anterior cruciate ligament repairs with dynamic intraligamentary stabilization.
Number of reinterventions Frequency
1 190 42.6%
2 21 4.7%
3 2 0.4%
4 1 0.2%
5 1 0.2%
Total 215 48.2%
Figure 1. Reasons for revision anterior cruciate ligament (ACL) reconstructions (ACLRs), major and minor non-revision reinterventions in 446 ACL repairs with
dynamic intraligamentary stabilization (DIS). ALL, anterolateral ligament; HTO, high tibial osteotomy; MUA, manipulation under anesthesia.
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The 29 re-ruptures occurred at a mean interval of 16.7 months, and revision ACL reconstructions were performed an average of
21.2 months after DIS treatment.
4. Discussion
During the follow-up of patients after primary ACL repair with DIS, we observed that several patients required a subsequent
intervention. To compare the need for secondary interventions after DIS with previously published data on reinterventions after
ACL reconstructions (ACLR), we determined the frequency, nature, and timing of all revision and non-revision reinterventions after
DIS.
A total of 215 (48.2%) reinterventions were performed in 190 (42.6%) patients. 39.4% were non-revision reinterventions and
8.7% were revision ACL reconstructions. Major non-revision reinterventions requiring a rearthroscopy included mainly scar tissue
debridements with hardware removal due to ROM deficits (5.8%) and partial meniscectomies (3.1%). Minor non-revision
reinterventions performed under analgosedation primarily consisted of hardware removals (21.7%) or hardware removals with
manipulations under anesthesia (4.5%).
Current studies with a comparable mean follow-up of 12–38 months report a revision rate of 1.4% up to 18.0% after ACL re-
construction with hamstring- or patellar-tendon [6–25] (Table 4, Figure 2). Revision rates increase with follow-up time, however,
the highest revision rate of 18%, reported by the group of Webster, was observed after only 22 months in young patients with a
mean age of 17 years [25]. Nine studies with a mean 24 months of follow-up of a comparable age group (24–33 years) to our
study (31 years) report revision rates between 1.4% and 9.6% [6–8,10,12,19,20,22,23]. Studies with higher follow-ups of 36 and
38 months report even higher revision rates up to 12.5%. The revision rate of 8.7% that we found in our collective of ACL repair
with DIS is therefore within the range of published results after ACL reconstructions. However, a direct comparison of ACL repair
to reconstruction is associated with one crucial limitation: with DIS ACL repair the native ligament is preserved with no need for
autograft harvesting. In case of a revision surgery, all autograft options are available and interventions are performed as one-stage
procedures with no need for bone grafting.
Major non-revision reinterventions included 5.8% arthroscopic scar tissue debridements with hardware removal and four per-
cent arthroscopies due to new meniscal lesions. After ACL reconstruction, arthroscopic scar tissue debridement is reported to be
1.4% [13], 10.7% [14], and 16.1% [10] after 13, 38, and 25 months of follow-up, respectively (Table 5, Figure 3). New meniscal le-
sions are treated in 7.2–14.9% of patients [9,10,12,14] during the first 24–38 months after ACL reconstruction. The re-arthroscopy
Table 4
Revision rates after anterior cruciate ligament reconstructions.
Study (year) [ref.no.] Sample size (n) Mean age (years) Study design Mean follow-up (months) Revision rate (%)
Andernord et al. (2015) [6] 16′930 25 PC 24 1.8%
Aune et al. (2001) [7] 61 26 PC 24 4.9%
Biau et al. (2006) [18] 1088 NA Meta 36 3.8%
Björnsson et al. (2015) [8] 16,791 26 RC 24 1.4%
Borchers et al. (2009) [19] 322 28 CC 24 3.7%
24 8.6%
Colombet et al. (2006) [20] 33 30 PC 24 3.3%
Dunn (2004) [9] 3795 30 RC 30 6.2%
Feller and Webster (2003) [21] 26 26 RCT 36 3.8%
Frobell et al. (2010) [10] 62 26 RCT 24 4.8%
Gifstad et al. (2014) [11] 45,998 29 PC 12 2.6%
Grindem et al. (2012) [13] 69 27 PC 13 1.4%
Grindem et al. (2014) [12] 100 24 PC 24 1.4%
Järvelä et al. (2008) [22] 73 33 RCT 24 9.6%
Kartus et al. (1999) [14] 604 27 Descriptive 38 2.4%
Lind et al. (2009) [15] 5818 NA RC 24 2.9%
Mohtadi et al. (2016) [16] 322 27 RCT 18 4.7%
Suomalainen et al. (2013) [23] 46 31 PC 24 8.7%
Taylor et al. (2009) [24] 36 22 RCT 36 9.4%
22 36 12.5%
Webster and Feller (2016) [25] 354 17 PC 22 18.0%
Wright et al. (2007) [17] 235 23 PC 24 3.0%
CC, case control study; NA, not applicable; PC, prospective cohort study; RC, retrospective comparative study; RCT, randomized clinical trial.
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within the first three weeks after injury, meniscal tears are fresh with a high healing potential and may, hence, benefit from early
suture treatment [26]. In our clinic, two out of three meniscal tears detected during DIS treatment were sutured, thereby preserv-
ing their chondroprotective function [3].
Minor non-revision reinterventions consisted merely of hardware removals with and without MUA. Hardware removal after
ACL reconstruction is found in 3.2% [10] to 6.8% [14] of patients after 25 and 38 months, respectively. MUA is reported in 1.6%
of patients after 25 months of follow-up [10]. Both reinterventions were therefore much more frequent in our ACL repair cohort,Figure 2. Scatterplot of revision rates after anterior cruciate ligament (ACL) reconstructions reported in previous literature and mean postoperative follow-up time
with linear trendline. The black dot represents the revision rate after dynamic intraligamentary stabilization ACL repair.
Table 5
Secondary meniscectomies and meniscal sutures after anterior cruciate ligament reconstructions.
Study (year) [ref. no.] Sample size (n) Mean age (years) Study design Mean follow-up (months) Secondary meniscectomies
and meniscal sutures
Dunn (2004) [9] 3′795 30 RC 30 7.2%
Frobell et al. (2010) [10] 62 26 RCT 24 9.7%
Grindem et al. (2012) [13] 69 27 PC 13 8.7%
Grindem et al. (2014) [12] 100 24 PC 24 13.0%
Kartus et al. (1999) [14] 604 27 Descriptive 38 8.6%
Laxdal et al. (2005) [29] 948 26 Case series 32 6.9%
PC, prospective cohort study; RC, retrospective comparative study; RCT, randomized clinical trial.
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often not necessary. Hardware removal is undoubtedly a consequence of the 10 × 30-mm-sized tibial implant, which can cause
local discomfort. Second, the potential to perform hardware removal during a three-minute procedure under analgosedation
may also have been favored; thus, the procedure was performed more frequently. The increased rate of MUA may be due to ex-
cessive scar tissue formation at the site of repair resulting in a decreased range of motion. Ateschrang et al. investigated the de-
gree of hypertrophic scar tissue formation in the notch six months after DIS ACL repair with a diagnostic arthroscopy. They found
that intraarticular scar tissue formation in the notch region was a common finding, which might be associated with
microfracturing at the femoral footprint [27]. They concluded that factors influencing the degree of scar tissue formation needed
further investigation with the goal of guiding a more balanced healing response [27].
The goal of future research should be to increase the 91% preservation rate after ACL repair with DIS. This goal may be
achieved by a more specific selection of patients who benefit most from ACL repair, with potential exclusion of patients with un-
favorable tear types, activity profiles, or particular age groups. Collagen scaffolds combined with platelet-rich plasma may guide
biological functions and therefore result in less scar tissue formation [28], resulting in fewer reinterventions for scar tissue de-
bridement and fewer MUAs. Moreover, implant downsizing would decrease the need for hardware removal due to patient dis-
comfort and increase the tibial bone stock.
Our study has some limitations that must be considered. First, we report a variable follow-up interval ranging from 21 to
64 months. It might be possible that patients with a shorter follow-up will need reintervention at a later stage. However, more
than 90% of the reinterventions were performed during the minimum follow-up period of 21 months. It is therefore unlikely
that patients with a short follow-up will need further interventions in the future. Second, except for the first 10 patients, all pa-
tients were treated at one private institution caring for patients with public and private insurance. Patient expectations and the
threshold for acceptance may alter the frequency of reintervention, as can the surgeon's perception of what has to be tolerated
and what may be achieved by additional surgery. Third, we did not analyze any outcome measures other than reintervention.
However, some patients may endure pain or a poor result without submitting themselves to a reintervention. Further, we didFigure 3. Scatterplot of secondary meniscectomies and meniscal sutures after anterior cruciate ligament (ACL) reconstructions reported in previous literature and
mean postoperative follow-up time with linear trendline. The black dot represents the rate after dynamic intraligamentary stabilization ACL repair.
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or infections treated conservatively).
5. Conclusion
In our study, the revision rate was within the range of published results after ACL reconstructions. In 10 out of 11 patients, the
native ACL was preserved with no need for autograft harvesting. If revision was required, a one-stage ACL reconstruction was per-
formed with all autograft options available. Most of the non-revision reinterventions were minor and included hardware removals
and MUAs. The re-arthroscopy rate for secondary meniscectomies and meniscal sutures was lower than that after ACL reconstruc-
tion. Early treatment of meniscal tears may be one crucial benefit of ACL repair with DIS.
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